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The Zeeman e f f e c t  i n  addi t ion  to s p l i t t i n g  t h e  emission l i n e s  of  

atomic t r a n s i t i o n s  r e s u l t s  i n  d e f i n i t e  p o l a r i z a t i o n s  o f  t h e  d i f f e r e n t  l i n e s  

dependent on t h e  o r i e n t a t i o n  of t he  magnetic fie;: wi th r e spec t  t o  t h e  l i g h t  

pa th .  For example, r a d i a t i o n  emitted per?endicular  t o  rrhe magnetic f i e l d  is  

l i n e a r l y  polar ized  p a r a l l e l  o r  perperidicular t o  t h e  d i r e c t i o n  o f  t h e  magnetic 

f i e l d  according t o  whether the r A ~ 2 n e L - c  aoment i n  the  d i r e c t i o n  of t h e  f i e l d  

remains t h e  same o r  i s  iccreaseu o r  decreaseu hy t h e  quantum amount. 

emi t ted  p a i a l l e l  to c;-,e magnetic ficlc A s  c L r c u l a r l y  p n l a r i z e d  with l e f t -hand  

r o t a t i o n  o r  right-hand r o t a t i o n  deper.dent on wnether 

Light  

X Lc:re,ses by one 

o r  decreases  by one. 

Many advantages a re  evident I f  one possesses  t h e  a b l l l i y  t o  dezermine 
c 

t h e  p o l a r i z a t i o n  of  a l a s e r  output by s t ibject lng t h e  l a s i n s  neS.lum t o  a 

c o n t r o l l a b l e  magnetic f i e i a .  KodulatLon of che amplitude of cne beam a s  a 
4 .- 

func t ion  of l i n e a r  p i a r i z a t i ' o n  2s 0r.e d e s i r a b l e  pro.specc. 

An i n v e s t i g a t i o n  of  t h e  T o s s i b i i i t y  of a c c o q l i s h i n g  t h i s  polarLzat ion 

c o n t r o l  i n  a s o l i d  s t a t e  l a s e r  has been i n i t i a t e d .  Ruby was inves t iga t ed  

f i r s t  f o r  s eve ra l  reasons.  A grea t  dea l  of t h e o r e t i c a l  and experimental  

work on t h e  p r o p e r t i e s  of ruby has been publ ished and t h e  a v a i l a b i l i t y  o f  

t h e  c r y s t a l s  was an  important f ac to r .  The output  from a ruby l a s e r  i s  

randomly polar ized  f o r  a 0 

t h e  C a x i s  f o r  a 90 degree rod. 

degree rod and i s  polar ized  perpendicular  t o  

(1) 

A r ecen t  le t ter '2)  suggests t h a t  double r e f r a c t i o n  of  t h e  l i g h t  i n  t h e  

l a s e r  c a v i t y  i s  respons ib le  fo r  t h e  p o l a r i z a t i o n  i n  a 67 ciegxee rod. The 
F - * Work supported Li. ?srt by ?..'.SA Grant Ns-66-59. 7;p" 

Now a t  Un ive r s i ty  of EioListon, Houston, T-8 



I 

-2- 

au thor s  f a i l e d  t o  mention t h e  r e l a t i v e  magnitudes of  t h e  t r a n s i t i o n  prob- 

a b i l i t i e s  which a r e  a r e s u l t  o f , t h e  c r y s t a l l i n e  f i e l d  of t h e  ruby and c r e a t e  

d i f f e r e n t  e f f e c t i v e  ga ins  f o r  d i f f e r e n t  po la r i za t ions  of l i g h t  w i th  r e spec t  

t o  t h e  c r y s t a l  ax i s .  The l a s e r  o s c i l l a t e s  i n  t h e  mode wi th  t h e  h ighes t  ga in  

which depends on both t h e  t r a n s i t i o n  mat r ix  of t h e  medium and t h e  Q o f  t h e  

o p t i c a l  cav i ty .  For t h e  0 degree rod t h e  t r a n s i t i o n  p r o b a b i l i t y  i s  equal 

f o r  any p o l a r i z a t i o n  and t h e  output i s  not  polar ized.  The 90 degree rod out-  

pu t  i s  l i n e a r l y  polar ized  perpendicular t o  t h e  C a x i s  and agrees  wi th  t h e  

maximum t r a n s i t i o n  p robab i l i t y  i n  t h i s  d i r ec t ion .  No e f f e c t  should be 

experienced by double r e f r ac t ion  f o r  t h i s  rod. 

The marked d i f f e rence  i n  the  mat r ix  f a c t o r  f o r  va r i ed  po la r i za t ions  

shows t h e  s t rong  e f f e c t  of  t h e  c r y s t a l  e l e c t r i c  f i e l d  on t h e  chrome ion  

t r a n s i t i o n s  and made t h e  prospect of a l t e r i n g  t h e  p o l a r i z a t i o n  by a p p l i c a t i o n  

o f  a magnetic f i e l d  r a t h e r  poor.(3) A d e t a i l e d  series of  experiments was 

made t o  determine whether uniform magnetic f i e l d s  pp t o  8,000 gauss would 

a l t e r  t h e  p o l a r i z a t i o n  of  t h e  l a s e r  output .  

i nd ica t ed  i n  t h e  Figure 1. 

? 

Data was taken f o r  t h e  set up 

The output  a t  t h e  r e a r  o f  t h e  l a s e r  rod was 

monitored by a 925 phototube and t h e  output  from t h e  f r o n t  was passed through 

a p o l a r i z e r  and de tec ted  by a second 925 phototube. 

tubes were in t eg ra t ed  and observed on a dual t r a c e  scope. 

The outputs  of t h e  photo- 

The da ta  of observa- 

t i o n s  of t h e  output  were normalized by d iv id ing  by t h e  r e a r  monitor output .  

This technique was necessary s ince  t h e  l a s e r  ou tput  va r i ed  considerably from 

pu l se  t o  pulse  d e s p i t e  ca re fu l  t iming of  f l a s h e s  and t h e  use  of a regula ted  

power supply t o  charge the s torage  capac i to r s .  ’ . 
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The r e s u l t s  of t h e  expe'riments showed no change i n  t h e  p o l a r i z a t i o n  

of t h e  output f o r  uniform f i e l d s  perpendicular  t o  t h e  a x i s  of t h e  l a s e r  

wi th  magnitudes up t o  8,000 gauss f o r  e i t h e r  t h e  0 degree rod o r  t h e  

90 degree rod. The l i n e a r  po la r i za t ion  of t h e  90 degree rod was very 

a c c u r a t e l y  portrayed by the  comparison of t he  data  with a cos 8 curve 

as shown i n  Figure 2.  

2 

The e f f e c t  of  magnetic f i e l d s  on the  microwave bea t s  i n  t h e  output  Of 

a ruby l a s e r  was inves t iga t ed  also. 

3280 m c  were observed using a s i l i c o n  semiconductor diode de tec to r .  

These frequencies  correspond to t h e  fundamental mode frequency of t h e  2" 

Beat f requencies  a t  1640 mc and 

ruby rod used i n  t h e  experiments and double t h a t  frequency. The only 

reproducible  e f f e c t  observed was t h a t  t he  amplitude of t h e  microwave 

bea t ing  was considerably reduced by the  a p p l i c a t i o n  of a magnetic f i e l d  

of  s u f f i c i e n t  i n t e n s i t y  t o  counteract  t h e  magnetic f i e l d  produced by 

t h e  e x c i t i n g  cur ren t  i n  t h e  l i n e a r  f l a s h  tube.  , 

Work i s  cont inuing on o ther  s o l i d  s t a t e  m a t e r i a l s  which do not  

p re sen t  t h e  formidable obs tac le  of a powerful c r y s t s l  f i e l d  a s  does 

ruby. 

c 
4 

. 



Figure Captions 

Fig .  1. Experimental set up for polar izat ion measurements of ruby 

l a s e r  output. 

Fig.  2. 

. 

Graph of the  r e l a t i v e  i n t e n s i t y  o f  the  l a s e r  l i g h t  output 

when passed through a polar izat ion analyzer f o r  the  case  of  

a 90° ruby, The s o l i d  curve i s  a cos  0 curve, 2 

. 
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